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by-products by coupling a specific silicon compound with a Grignard reagent dissolved in 
a polyalkylene glycol dialkyi ether as solvent followed by extraction with a hydrocarbon 
solvent and then purification. 

CONSTITUTION: A Grignard reagent of the formula R'^MgX (R^ is 

a hydrocarbon; X is a halogen) dissolved in a polyalkylene glycol dialkyi ether of formula I 

(R^ and R^ are each a 1-8C alkyi; R^ is H or methyl; 

(1) is 1-6) as solvent is subjected to coupling reaction with a silicon compound of formula II 
(R^ is a hydrocarlxjn or H; (m) is 0-2) followed by extracting a silicon 
compound of formula III ((m+n) is 1-3) from the resultant reaction mixture liquid by using a 
hydrocarbon solvent (pref . n-hexane, cyclohexane, n-heptane, n-octane. n-decane, 
n-undecane or n-dodecane) and then carrying out a purification of the compound. 
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(Title of InventionI 

Manufacturing method of halogen atom-bonded silicic compound 
(Absiractl 

|Constitulion| Manufacturing method of halogen atom-bonded silicic compound featured 
in that Grignard reagent, of which the solvent is polyalkyleneglycoldialkylelher expressed 
by the general formula [ 1 J 
IChem. 1| 

R'O CHCHxO (13 

(R ' , r2 : alkyl group of carbon number 1 - 8, ; hydrogen atom or methyl group, I : an 
integer I - 6), and a silicic compound are reacted for coupling, and subsequently, 
extraction-purification from the reaction liquid mixture is carried out by using 
hydrocarbon base solvent. 

(Effect) According to the manufacturing method of the present invention, the process for 
removal of by-product such as magnesium halide complex, etc. generated by the coupling 
reaction is not necessary, and even in the case the product is of high boiling point, the 
industrial production of halogen atom-bonded silicic compound can be carried out easily, 
safely, and in high yield. 

IClaimsl 

(Claim J I Manufacturing method of halogen atom-bonded silicic compound featured in 
that a Grignard reagent, of which the solvent is polyalkyleneglycoldialkylether expressed 
by die general Ibmnila ( I ] 
IChem 1 1 

R'O CHCH,0 ^ R^ (1) 
. . ^' 

(in the formula, R\ R- are alkyl groups of carbon number I 8 and can be identical or 
dillerent, R^ is a hydrogen atom or a methyl group, and I is an integer I - 6), and which is 
expressed by the general formula [21 
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IChem. 2| 

R^'MgX [2] 
(in ihe formufa. is a hydrocarbon group, and X shows a halogen atom), and a sihcic 
compound which is expressed by the general formula [3J 
IChem. 3| 

R5mSiX4-m (3] 
(in the formula, shows a hydrocarbon group or a hydrogen atom, X shows a halogen 
atom, and m shows an integer 0 ~ 3) are subjected to coupling reaction, and subsequently 
the silicic compound expressed by the general formula [4] 
IChem. 41 

(in the formula, R^. show hydrocarbon group or hydrogen atom, X shows a halogen 
— atom, and m + n shows an integer 1 - 3) is extracted from the reaction liquid mixture and 
purified by using hydrocarbon base solvent. 

[Claim 21 Manufacturing method of halogen atom-bonded silicic compound according to 
the claim i in which the hydrocarbon base solvent is n-hexane, cyclohexane, n-heptane, n- 
octane, n-decane, n-undecane. or n-dodecane. 

(Detailed Description of the Invention) 

100011 

I Area of application in industry] The present invention relates to a manufacturing method 
of halogen atom-bonded silicic compound which is suitable to the industrial production, 
10002] 

IConventional rechnologyl Nowada)'s. halogen atom-bonded silicic compound is widely 
used as protecting group in the manufacturing process of medicines, raw material of 
surfactants, modifier of polymer, and other iniermediate. However, since the halogen 
atom-bonded silicic compound has Si-X bond (X : halogen) in its molecular structure, it is 
hydrolyzed immediately when it contacts with water, and also, it corrodes stainless steel 
section of the reactor vessel, etc. in its production process, and currently, therefore, 
roundabout processes have to be taken for its industrial production. Such a halogen atom- 
bonded silicic compound is usually produced by using Grignard reagent, and such solvent 
as letrahydroftiran (THF), diethylether, dibutylether, etc. is often used as its reacuon 
solvent However, when such ether solvent is used, the magnesium chloride-ether 
complex generated as the by-product of the coupling reaction between the Grignard 
reagent and silicic compound is not dissolved in the ether solvent and deposited as crystals 
in large quantity Consequently, in order to isolate and purify the product, it is necessary 
first to remove crystals deposited in large quantity by the coupling reaction by such a 
method as filtration, etc , and otherwise, it becomes difficult to purify the product by 
distillation, etc. later. In order to remove magnesium chloride-ether complex by filtration, 
a corrosion-resistant and thus expensive production equipment is required since the 
product is corrosive, and also, the complex to be removed by filtration is highly 
flammable, and the work environment is aggravated by the vapor of ether solvent which 
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has sirong smell, and ftirlher, the processing of ihe removed complex with water, etc is 

exothermic, and thus the process for aft er-t real ment becomes iroublesome 

|0003| 

(Problems to be solved by the invention| In the light oflhis situation, the present 
inventors found that it is possible to obtain uniform reaction liquid mixture without crystal 
deposition of magnesium halide complex at all after the coupling reaction. If a specific 
polyalkyleneglycoldialkylether solvent is used as the solvent for the Grignard reagent 
instead ofthe ether solvent such as THf , diethylether, eic. which has been used 
previously. However, since the boiling point of the polyalkyleneglycoldialkylether solvent 
used in this method is as high as 170 - 300T, it is diftlcult to isolate and purify the 
product directly by distillation from the reaction liquid mixture if the product is high 
boiling point silicic compound. 
100041 

(Method to solve the problems! Accordingly, the present inventors carried out intensive 
studies on the method for the industrial production of halogen atom-bonded silicic 
compound and found that, after the coupling reaction of a Grignard reagent, for which a 
specific polyalkyleneglycoldialkylether is used as the solvent, and a silicic compound, 
halogen atom-bonded silicic compound, which is the target substance, can be obtained 
easily and safely and in high yield if its extraction-purification from the reaction liquid 
mixture is carried out by using hydrocarbon base solvent. 

(00051 The present invention is a manufaclunng method of halogen atom-bonded silicic 
compound featured in that a Grignard reagent, of which the solvent is 
polyalkyleneglycoldialkylether expressed by the general formula [1] 
[Chem. 5| 

R* 

(in the formula, R*. are alkyl groups of carbon number 1 - 8 and can be identical or 
differenl, is a hydrogen atom or a methyl group, and 1 is an integer 1 ~ 6), and which is 
expressed by the general formula [2J 
I0006J 
jchem. 6| 

R'^MgX [2] 
(in the formula, R^ is a hydrocarbon group, and X shows a halogen atom), and a silicic 
compound which is expressed by (he general formula (3J 
f0007| 
IChcm. 71 

R^mS'X4.m 13J 
(in the formula, shows a hydrocarbon group or a hydrogen atom, X shows a halogen 
atom, and m shows an Integer 0-3) are subjected to coupling reaction, and subsequently 
the silicic compound expressed by the general formula [4] 
100081 
(Chcm. 81 

r- 
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(in the formula, R*^, show hydrocarbon group or hydrogen atom, X sliows a halogen 
atom, and m + n shows an integer I - 3) is extracted from the reaction hquid mixture and 
purilied by using hydrocarbon base solvent. 

|0009) According to the manufacturing method of the present invention, halogen atom- 
bonded siHcic compound can be isolated easily and in high yield without inclusion of other 
by-product by carrying out the extraction of the reaction liquid mixture after the coupling 
reaction with hydrocarbon base solvent such as n-hexane, cyclohexane, n-heptane, n- 
octane, n-decanc, n-undecane, n-dodecane, benzene, toluene, xylene, etc.. Such 
hydrocarbon base solvent can be added either before or after the coupling reaction, but if 
it is added when the Grignard reagent is prepared, the viscosity of the Grignard reagent is 
lowered, and thus it may eflfect to improve the yield of the reagent. 
(00101 The Grignard reagent of the present invention is prepared by using 
polyalkyleneglycoldialkylether expressed by the general formula [1 1 as the solvent. When 
the polyalkyleneglycoldialkylether is used as the solvent, the reaction liquid mixture after 
the coupling reaction between the Grignard reagent of the general formula [2] and the 
silicic compound of the general formula [3 J can be maintained in uniform solution state 
since magnesium chloride complex generated as by-product is not deposited as crystals. 
|001 1] The polyalkyleneglycoldialkylether expressed by the general formula [IJ can be, 
for example, diethyleneglycojdiethylether, diethyleneglycoldibutylether, 
diethyleneglycolethylmethylether, dipropyleneglycoldimethylether, 
dipropyleneglycoldiethylether, dipropyleneglycoldibutylether, 
dipropyleneglycolisopropylmethylether, dipropyleneglycolisopropylethylether, 
triethyleneglycoldimethylether, tetraethyleneglycoldimethylether, 
tripropyleneglycoldimethylcther, pentaethyleneglycoldimethylether, 
hexaethylenegfycoldimethylether, etc. . 

(00121 Incidentally, even if the Grignard reagent is prepared by such solvents as 
lelrahydrofijran (THF), diethylether, etc. and then these solvents are exchanged with the 
polyalkyleneglycoldialkylether solvent of the present invention, it is as effective as the case 
when the Grignard reagent, of which the solvent is polyalkyleneglycoldialkylether from the 
start, is used. 

(001 3[ For the Grignard reagent (R**MgX) expressed by the general formula [2] 
according to the present invention, can be an alkyl group, alkenyl group, alkynyl 
group, aralkyi group, cycloalkyl group, aryl group, etc., but it is not limited to these. 
Specifically, it can be methylmagnesium chloride, methylmagnesium bromide, 
ethylmagnesium chloride, ethylmagnesium bromide, propylmagnesium chloride, 
propylmagnesium bromide, i-propylmagnesium chloride, i-propylmagnesium bromide, 
butylmagnesiuni chloride, bulylmagnesium bromide, i-bulylmagnesium chloride, i- 
butylmagnesium bromide, sec-bulylmagnesium chloride, sec-buiylmagnesium bromide, t- 
butylmagnesium chloride, t-butylmagnesium bromide, amylmagnesium chloride, 
he.xylmagnesium chloride, octylmagnesium chloride, decylmagnesium chloride, 
dodecylmagnesium chloride, vinyl magnesium chloride, allyl magnesium chloride, I- 
propenylmagnesium chloride, l-methylvinylmagnesium chloride, 2-butenylmagnesium 
chloride, benzylmagnesium chloride, cyclopentylmagnesium cliloride, 
cyclohexylmagnesium chloride, cycloctylmagnesium chloride, 2-propynylmagnesium 
chloride, elhynylmagnesium chloride, phenylmagnesium chloride, phenylmagnesium 
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bromide. o-tolylmagnesiuni chloride, p-lolylmagnesium chloride, fluorophenylmagnesium 
chloride, xylyl magnesium chloride, etc . The Grignard reagenl expressed by il^e general 
formula [2] is prepared wilh the polyalkyleneglycoldialkylether expressed by ihe general 
formula ( IJ as the solvent, and if hydrocarbon base solvent such as n-hexane, cyclohexane, 
n-heptane, n-octane, n-decane, n-undecane, n-dodecane, benzene, toluene, xylene, etc. is 
added in advance during its preparation, the viscosity of the Grignard reagent is lowered, 
and thus it may effect to improve the yield of the reagent, 

I0014J Of the silicic compound rR^mSiX4.m] "sed in the manufacturing method of the 
present invention and expressed by the general formula [3], in the formula is a 
hydrocarbon group such as alkyl group, alkenyl group, aryl group, aralkyl^roup, etc, or a 
hydrogen atom, and also, X is a halogen atom such as chlorine atom, bromine atom, iodine 
atom, etc.. The silicic compound expressed by the general f9rmula (3J can be. for 
example, tetrachJorosilane, methyltrichlorosilane, dimethyldichlorosilane, 
ethyltrichlorosilane, diethyldichlorosilane, phenyllrichlorosilane, diphenyldichlorosilane, 
vinyltrichlorosilane, allyltrichlorosilane, methylvinyldichlorosilane, trichlorosilane, 
methyldichlorosilane, etc.. 

JOO 1 5] The coupling reaction between the Grignard reagent expressed by the general 
formula [2] and the silicic compound expressed by the general formula [3] may be carried 
out in the presence of catalyst. The catalyst effective for this coupling reaction is, for 
example, cyano compound, thiocyanate compound, or acetylacetonate compound, etc., 
and specifically, it can be copper cyanide, silver cyanide, mercury cyanide, tributyltin 
cyanide, trimethylsilyl cyanide, copper thiocyanate, silver thiocyanate, sodium thiocyanate, 
potassium thiocyanate, tetrabutylammonium thiocyanate, copper acetylacetonate, nickel 
acetylacetonate, cobalt acetylacetonate, magnesium acetylacetonate, zinc acetylacetonate, 
iron acetylacetonate, manganese acetylacetonate, potassium acetylacetonate, etc.. 
(00 16] The halogen atom-bonded silicic compounds expressed by the general formula [4] 
and synthesized by the manufacturing method of the present invention are listed in the 
follov^ng, but the compounds are not limited to them. They are, for example, t- 
butyldiphenylchlorosilane, t-butylphenyldichlorosilane, di t-butylchlorosilane, ethyl t- 
butyldichlorosilane, dimethyl t-bulylchlorosiiane, methyldibutylchlorosilane, 
methylphenyldichlorosilane, dimethylphenylchlorosilane, methylphenylchlorosilane, 
methyldiphenylchlorosilane, vinyldiphenylchlorosilane, methylvinylphenylchlorosilane, 
allylphenyldichlorosilane, allyldiphenylchlorosilane, dimethylcyclohexylchlorosilane, 
methylcyclohexyldichlorosilane, dimethylbenzylchlorosilane, dimethyloclylchlorosilane, 
1 ,4-bis(dimetylchlorosiIyI)ben2ene, methyldecyldichlorosilane, 
methyldodecyldichlorosilane, 2-(bicycloheplyi)dimethylchlorosilane, etc.. 
(00 /7| 

jExamplesI In the following, the present invention is explained by examples, of which the 
products were identified by NMR and gas chromatography, and confirmed that they were 
identical to the known samples. 
(00181 Example 1 

Magnesium 12.2 g (0 5 mole) and diethyleneglycoldibutylether 120 g were loaded in a 
flask of 1000 ml fijrnished wilh a thermometer, a reflux condenser, a stirrer, and a 
dropping funnel, heated to SO^^C in nitrogen atmosphere, and t-butyl chloride 46.2 g (0.5 
mole) was dropped while maintaining the liquid at 80 - 90X by taking 2 hours. After 
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compleiion of ilie dropping, ihe reactanis were stirred al 80 - 90X for 2 hours, and 
dieihylcneglycoldibutylelher solution ot i-biitylmagnesium chloride (Grignard reagent) was 
obtained To this Grignard reagent, copper cyanide 0 35 g was added, and while stirring 
and maintaining the liquid at 50 OOX diphenyldichlorosilane 98.8 g (0.39 mole) was 
dropped by taking 2 hours. After completion of the dropping, the liquid was stirred for 3 
hours at 60X (Inside of the flask was dark red and transparent, and no deposition of 
MgCl2 crystals was noticed). Subsequently, n-heplane 300 g was added and stirred for 30 
minutes al 20 - 40°C and when the liquid was held stationary, it separated into 2 layers. 
The top layer (n-heptane layer) was taken out, and n-hepiane 200 g was added again to 
(he bottom layer (diethyleneglycoldibutylether layer), and after stirring, the liquid was held 
stationary, and then the top layer was taken out. The similar extraction operation by n- 
heptanc was fiiriher repealed two more times. After concentrating the n-heptane 
extracted liquid (4 repetitions) obtained in this manner, t-butyldiphenyJchlorosilane 87.9 g 
(yield 82 %) of the boiling point 182 - 186X/5 mmHg was obtained by distillation. 
|0019| Examples 2- 5 

By the same procedure as the example I except that phenyltrichlorosilane, Irichlorosilane, 
ethyltrichlorosilane, dimethyldichlorosilane were used instead of diphenyldichlorosilane in 
the example 1 , halogen atom-bonded silicic compounds were obtained. The results are 
shown in Table 1 . 
(00201 

[Table 1| 





silicic compound of general formula (3J 


pnxluct : general formula {4] 


boiling point 
(^C/mmHg) 


yield (by %) 


e.xaniple I i 


1 diphenyldichlorosilane (98.8 g) 


t-butyldiphenylchlorosilane 


182-186/5 


87.9 g (82%) 


example 2 


phenyltrichJorosilane (82.5 g) 


t-but}'lphenyldichlorosilane 


123-)26/25 


59.1g(65%) 


example 3 


trichlorosilane (26.4 g) 


di t-bulylchlorosilane 


81-84/45 


29,6 g (85%) 


example 4 


elhyltrichlorosilane (63.8 g) 


ethyl t-butyldichlorosilane 


148-150/760 


63.5 g (88%) 


example 5 


dimethyldichlorosilane (50.3 g) 


dimelhvl t-butvlchlorosi)ane 


J 23-1 25/760 


51.Jfi{87%) 



1002! I Examples 

.Magnesium J 2.2 g (0.5 mole), diethyleneglycoldietbylether 98 g, and toluene 32 g were 
loaded in a flask of 500 ml ftjmished with a thermometer, a reflux condenser, a stirrer, and 
a dropping funnel, healed to 85X in nitrogen atmosphere, and chlorobenzene 56.3 g (0.5 
mole) was dropped while maintaining the liquid al 85 90X by taking 3 hours. After 
completion of the dropping, the reactants were stirred at 85 - 90X for 3 hours, and 
phenylmagnesium chloride (Grignard reagent) was obtained. Subsequently, n-hexane 100 
g and meihyltrichlorosilane 58.3 g (0.39 mole) were loaded in a flask of 1000 ml ftjmished 
with a thermometer, a reflux condenser, a stirrer, and a dropping ftinnel, and this Grignard 
reagent was dropped while maintaining Ihe liquid at 40 - 50T by taking 3 hours. After 
completion of the dropping, the liquid was stirred for 3 hours at 50 - 55°C. .After 
completion of the reaction, n-hexane 300 g was added and stirred for 30 minutes at 20 - 
40X, and when the liquid was held stationary, it separated into 2 layers. The top layer (n- 
hexane layer) was taken oul, and n-hexane 200 g was added again to the bottom layer 
(dieihyleneglycoldieihylether layer), and after stirring, the liquid was held stationary, and 
then the top layer was taken out The similar extraction operation by n-hexane was 
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ftirtlier repeated two more limes. Afler concentraiing ihe n-hexane extracied liquid (4 
repetitions) obtained in this manner, methylphenyldichlorosilane 58. 1 g (yield 78 %) of the 
boiling point 79 - 83X/5 mmHg was obtained by distillation. 
I0022I Examples 7 --9 

By the same procedure as the example 6 except that dimethyldichlorosilane, 
niethyldichlorosilane, vinyltrichlorosilane were used instead of methyllrichlorosilane in the 
example 6, halogen atom-bonded silicic compounds were obtained. The results are shown 
in Table 2. 
10023 I 





silicic compound of general formula |3| 


product : general formula (4) 


boiling point 
(T/mmHg) 


yield (by %) 


example 6 


methyltrichlorosilane (58.3 g) 


methylphenyldichlorosilane 


79-83/5 


58.1 g (78%) 


example 7 


dimethyldichlorosilane (50.3 g) 


dimcthylphenylchlorosilane 


82-86/17 


60.4 g (91 %) 


example 8 


niethyldichJorosilane (44.9 g) 


methylphcnylchlorosilane 


85-89/42 


56.2 g (92 %) 


example 9 


vinyltrichlorosilane (3 1 .5 g) 


vinyldiphenylchlorosilaiie 


145-149/2 


35.8 g (75%) 



|0024| Example 10 

Magnesium 12.2 g (0.5 mole) and dipropyleneglycoldiethylether 100 g were loaded in a 
flask of 1000 ml furnished with a thermometer, a reflux condenser, a stirrer, and a 
dropping ftinnel, heated to 80X in nitrogen atmosphere, and cyclohexyl chloride 59.3 g 
(0.5 mole) was dropped while maintaining the liquid at 20 - 30X by taking 3 hours. 
After completion of the dropping, the reactants were stirred at 80 - 90°C for 3 hours, and 
dipropyleneglycoldiethylether solution of cyclohexyJmagnesium chloride (Grignard 
reagent) was obtained. To this (jrignard reagent, copper acetylacetonate 0.5 g was added, 
and dimethyldichlorosilane 50.3 g (0.39 mole) was dropped while stirring and maintaining 
the liquid at 50 - 60^C by taking 2 hours. Ailer completion of the dropping, the liquid 
was stirred for 3 hours at eo^'C. Subsequently, n-heplane 300 g was added and stirred for 
30 minutes at 20 - 40X, and when the liquid was held stationary, it separated into 2 
layers. The top layer (n-heptane layer) was taken out, and n-heptane 200 g was added 
again to the bottom layer (dipropyleneglycoldiethylether layer), and after stirring, the 
liquid was held stationary, and then the top layer was taken out. The similar extraction 
operation by n-heplane was ftirther repeated two more times. After concentraiing the n- 
heptane extracted liquid (4 repetitions) obtained in this manner, 
dimethylcyclohexylchlorosilane 60.0 g (yield 87 %) of the boiling point 88 - 92^/17 
mmHg was obtained by distillation. 
100251 Example 1 1 

By the same procedure as the example 10 except that n-octyl chloride 74.3 g (0.5 mole) 
was used instead of cyclohexyl chloride in the example 10 and the catalyst (copper 
acetylacetonate) was not used, dimethyl n-octylchlorosilane 72 6 g (yield 90 %) of the 
boiling point 84 87°C/8 mnrflg was obtained. 
10026) Example 12 

Magnesium 12.2 g (0.5 mole), diethyleneglycoldibulyleiher 120 g, and toluene 50 g were 
loaded in a flask of 500 ml furnished with a thermometer, a reflux condenser, a stirrer, a 
dropping funnel, and a gas-blowing apparatus, and heated to 50°C in nitrogen atmosphere. 
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and methyl bromide 47 5 g (0.5 mole) was blown in while maimainint; the liquid a! 50 
60X by taking 3 hours AHer compleiion oPlhe blowing-in, the reactanls were stirred at 
30 - 60*^0 for 3 hours, and methylmagnesium bromide (Grignard reagent) was obtained. 
Subsequently, n-hexane 100 g and dipfienyldichlorosilane 98 8 g (0.39 mole) were loaded 
in a flask of 1000 ml furnished with a Ihermometei , a reflux condenser, a stirrer, and a 
dropping funnel, and this Grignard reagent was dropped while maintaining the liquid at 40 
- SOX by taking 3 hours. Af\cr completion ofthe dropping, the liquid was stirred for 3 
hours at 40 - 50°C. After completion of the reaction, n-hexane 300 g was added and 
stirred for 30 minutes at 20 40X, and when the liquid was held stationary, it separated 
into 2 layers. The top layer (n-hexanc layer) was taken out, and n-hexane 200 g was 
added again to the bottom layer (dielhyleneglycoldibutylether layer), and afler stirring, the 
liquid was held stationary, and then the top layer was taken out. The similar extraction 
operation by n-hexane was ftirther repeated two more times' Af^er concentrating the n- 
hexane extracted liquid (4 repetitions) obtained in this manner, methyldiphenylchlorosilane 
68.0 g (yield 75 %) ofthe boiling point 140 145X/5 mmHg was obtained by distillation. 
I0027I 

lEfFect ofthe invenlionl As is clear from the description ofthe examples 1 - 12, when the 
Grignard reagent, of which the solvent is a specific polyalkyleneglycoldialkylether, and a 
silicic compound are subjected to coupling reaction, the reaction liquid mixture forms a 
uniform solution, and there is no need to go through the process for removal of by- 
product such as magnesium halide complex, etc., and even in the case when the product is 
of high boiling point, by using hydrocarbon base solvent to the reaction liquid mixture for 
extraction and purification, industrial production of halogen atom-bonded silicic 
compound can be carried out easily, safely, and in high yield. 
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